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SPECIFICATION 

1 - Title of the Invention 

Cu Alloy Lead Material for Semiconductor Device 

2 . Claims 

A high strength Cu alloy lead material for a 
semiconductor device having an excellent heat resistance and 
reliability of soldering comprising a Cu alloy with a 
composition ( in % by weight) of 2 to 2.4% of Fe, 0.001 to 0.1% 
of P, 0.01 to 1% of Zn, 0.001 to 0.1% of Mg with a balance of 
Cu and inevitable impurities . 

3. Detailed Description of the Invention 

The present invention relates to, in particular, a high 
strength Cu alloy lead material for a semiconductor device 
having an excellent heat resistance and reliability of 
soldering. 

[Prior Art] 

Conventionally, the method known in the art for 
manufacturing semiconductor devices such as ICs and LSIs 
generally comprises principal steps of: 

(a) preparing a Cu alloy strip material with a thickness 
of 0.1 to 0.3 mm as a lead material; 

(b) forming a lead frame fitted to a configuration of 
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the semiconductor device to be manufactured from the lead 
material by die cutting; 

(c) heat adhering a semiconductor element of high purity 
Si or Ga-As at a prescribed site on the lead frame using a 
conductive resin such as an Ag paste, or press-adhering the 
semiconductor element by heat diffusion on the lead material 
via an Au layer, an Ag layer, a Ni layer or a composite plating 
layer thereof previously plated on one face of the lead 
material; 

(d) forming wire bonding from the semiconductor element 
through the lead frame using the Au wire; 

(e) sealing the semiconductor element, wire bonding, and 
portions of the lead frame on which the semiconductor device 
has been mounted with a plastic in order to protect them; 

(f ) forming a lead material by cutting out the mutually 
connecting portions on the lead frame; and 

(g) plating a solder material such as a Sn-Pb alloy on 
the entire lead material or on a portion thereof by immersion 
or electroplating, finally, for the purpose of enabling 
soldering on the substrate of the semiconductor device. 

Accordingly, the Cu alloy lead material to serve as the 
lead material of the semiconductor device is required to have 
such properties as: 

( 1 ) good press die cutting ability and processing ability 
(bending and coining); 

(2) heat resistance that can eliminate heat distortion 
and heat softening during heat adhesion or heat diffusion 



adhesion of the semiconductor device; 

(3) good heat dissipation and electrical conductivity; 

and 

(4) a high strength that allows the material to be free 
from breakage by bending or repeated bending during transport 
and assembly into electric appliances of the semiconductor 
device. 

Proposed and widely used as a representative material 
that satisfies the above requirements is a Cu alloy lead 
material comprising a Cu alloy with a composition of 1.5 to 3.5% 
of Fe, 0.01 to 0.15% of P, 0.03 to 0.2% of Zn, and a balance 
of Cu and inevitable impurities (see examined Japanese Parent 
Application Publication No. 45-10623 and U.S. Patent 
Publication No. 3,522,039), wherein % denotes % by weight. 

[Problems to be Solved by the Invention] 

The conventional Cu lead material has excellent 
properties such as a tensile strength of about 49 to 50 kg/mm 2 
as a criterion of the strength, an elongation of about 4% as 
a criterion of press die cutting ability and processing ability 
(bending and coining), an electrical conductivity of about 60 
to 70% as a criterion of heat dissipation and electrical 
conductivity, and a softening point of about 350 to 360°C as 
a criterion of heat resistance. However, a lead material is 
required to have a higher strength and better durability in 
accordance with recent progress of integration of the 
semiconductor device. 

It was a problem for the conventional Cu alloy lead 
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material that soldered portions of the lead material on the 
substrate are often peeled off during use to arise malfunction 
while rendering the soldered portions poor in reliability when 
the semiconductor device is practically used, although the 
conventional Cu lead material has a good adhesive property with 
the solder material. 

[Means for Solving the Problems] 

The inventors of the present invention have surveyed the 
conventional Cu alloy lead material from the view point as 
described above, and attempted to improve the strength and heat 
resistance as well as reliability of soldering of the 
conventional Cu alloy lead material. As a result, it was found 
that the strength and heat resistance can be improved by 
allowing Mg to contain in the conventional Cu alloy lead 
material as an alloy component without compromising excellent 
elongation and electrical conductivity of the conventional Cu 
alloy lead material itself. It was also found that the soldered 
portions of the lead wire is not peeled off at all during the 
practical use of the semiconductor material. 

The present invention, carried out based on the finding 
as described above, provides a high strength Cu alloy lead 
material for a semiconductor device having an excellent heat 
resistance and reliability of soldering comprising a Cu alloy 
with a composition (in % by weight) of 2 to 2.4% of Fe, 0.001 
to 0.1% ofP, 0.01 to 1% of Zn, 0.001 to 0.1% of Mg with a balance 
of Cu and inevitable impurities. 

The reason why the composition of the Cu alloy lead 
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material according to the present invention is restricted 
within the foregoing range will be described below. 

(a) Fe: Although the Fe component has a function for 
improving the strength of the lead material, a desired high 
strength cannot be attained when the content is less than 2%, 
while electrical conductivity decreases and gross precipitates 
of Fe appear in the mother material to deteriorate roll 
processing ability when the content of Fe exceeds 2.4%. 
Accordingly, the content of Fe is restricted within the range 
of 2 to 2.4%. 

(b) P: The P component has a deoxidation function while 
improving the strength, electrical conductivity and heat 
resistance by reacting with Fe to form an iron-phosphorous 
compound finely dispersed in the mother material. However, 
desirable effects cannot be obtained when the content of P is 
less than 0.001%, while electrical conductivity decreases when 
the content of P exceeds 0.1%. Accordingly, the content of P 
is prescribed to be within the range of 0.001 to 0.1%. 

(c) Zn: The Zn component also has a deoxidation function 
as the P component while having a function to reduce the rate 
of change of strength and electrical conductivity, or to 
stabilize these characteristics. However, the desirable 
effects cannot be attained when the content of Zn is less than 
0.01%, while more improved effects cannot be obtained due to 
saturation of the functions above besides decreasing electrical 
conductivity when the content of Zn exceeds 1%. Accordingly, 
the content of Zn is determined to be within the range of 0.01 
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to 1%. 

(d) Mg: The Mg component has a function for improving 
the strength, heat resistance and reliability of soldering 
without compromising elongation and electrical conductivity as 
hitherto described. However, the desirable effect cannot be 
obtained when the content of Mg is less than 0.001%, while 
electrical conductivity decreases besides decreasing fluidity 
of the molten liquid to make casting of the alloy difficult when 
the content of Mg exceeds 0.1%* Accordingly, the content of 
Mg is prescribed to be within the range of 0.001 to 0.1%. 

[ Examples ] 

The Cu alloy lead material according to the present 
invention is described hereinafter with reference to examples. 

Cu alloy molten liquids with the compositions shown in 
Table 1 were prepared using a conventional guide groove type 
low frequency induction furnace. After forming an ingot with 
a dimension of 150 mm (thickness) x 400 mm (width) x 1500 mm 
(length) in a semi-continuous casting method, the ingot was 
formed into a hot-roll plate with a thickness of 1 1 mm by applying 
a hot-roll process at a roll initiation temperature of 900°C. 
Then, the upper and lower surfaces of the hot-roll plate were 
scapled to a thickness of 10 mm after cooling with water, 
followed by alternately applying cold rolling and aging 
treatments under a usual condition. A strip material with a 
thickness of 0.25 mm was obtained by applying a final cold roll 
processing at a finish roll ratio of 70%. The strip material 
was finally annealed for eliminating strain by keeping a 
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prescribed temperature in the range of 250 to 350°C for 15 
minutes, thereby manufacturing the Cu alloy lead materials 1 
to 6 according to the present invention and the conventional 
Cu alloy lead material* 

Subsequently, the tensile strength, elongation, 
electrical conductivity and softening point were measured with 
respect to each of the Cu alloy lead materials 1 to 6 of the 
present invention, and the conventional Cu alloy lead material 
obtained by the above result. In addition, a solder material 
with a composition of 60% of Sn and 40% of Pb was plated by an 
immersion method for the purpose of evaluation of reliability 
of soldering. The plated solder material was heat-treated in 
the air under a modified practical condition of keeping at 150°C 
for 500 hours, and was bent at an angle of 180° followed by 
restoring the bent material to its original shape. Peeling of 
the plated solder material at the bent portions, if any, was 
observed after the bending test. The results are shown in Fig. 
1 . 
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[Effects of The Invention] 

The results shown in Table 1 shows that each of the Cu 
alloy lead materials 1 to 6 according to the present invention 
has excellent elongation and electrical conductivity 
comparative to that of the conventional Cu alloy lead material, 
while having considerably excellent strength, heat resistance 
and reliability of soldering as compared with the conventional 
Cu alloy lead material. 

As described above, since the Cu alloy lead material 
according to the present invention has considerably excellent 
strength, heat resistance and reliability of soldering as well 
as good elongation, electrical conductivity, stamping ability 
(die cut ability), etching ability, plating ability and 
adhesion of solders, it can manifest excellent performances 
upon use in not only conventional semiconductor devices but also 
in highly integrated semiconductor devices. In addition, the 
Cu alloy lead material according to the present invention has 
industrially useful characteristics that are available for 
terminals and connectors of electronic appliances. 
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